Hepatocellular carcinoma (HCC) is one of the most common causes of cancer-related death worldwide. Due to the difficulties of early diagnosis, curative treatments are not available for most patients. Palliative treatments such as chemotherapy are often associated with low response rate, strong adverse effects and limited clinical benefits for patients. The alternative approaches such as fermented wheat germ extract (FWGE) with anti-tumor efficacy may provide improvements in the clinical outcome of current therapy for HCC. This study aimed to clarify antitumor efficacy of FWGE and the combination drug effect of FWGE with chemotherapeutic agents, cisplatin and 5-fluorouracil (5-Fu) in human HCC cells, HepG2, Hep3B, and HepJ5. The present study indicated that FWGE exhibited potential to suppress HepG2, Hep3B, and HepJ5 cells, with the half maximal inhibitory concentrations (IC 50 ) of FWGE were 0.494, 0.371 and 1.524 mg/mL, respectively. FWGE also induced Poly (Adenosine diphosphate ribose) polymerase (PARP) associated cell death in Hep3B cells. Moreover, the FWGE treatment further enhanced the cytotoxicity of cisplatin in all tested HCC cells, and cytotoxicity of 5-Fu in a synergistic manner in HepJ5 cells. Collectively, the results identified the anti-tumor efficacy of FWGE in HCC cells and suggested that FWGE can be used as a supplement to effectively improve the tumor suppression efficiency of cisplatin and 5-Fu in HCC cells.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide and stands in the second place of cancer death [1] , particularly in eastern Asia and sub-Saharan Africa [2] . The curative treatments for early-stage HCC are liver transplantation, resection, or local ablation, but these approaches are not viable for patients with advanced [2, 3] and the recurrence rate is as high as 50% at 2 years after operation [4] . Due to the difficulties in early diagnosis of HCC, about 70% of patients diagnosed with HCC are in advanced stage and unable to receive curative treatments [3] . In the development of alternative therapeutic approaches, palliative treatments such as chemoembolisation are suggested to show survival benefits in patients with advanced HCC [5, 6] . For example, although standard chemotherapeutic agents such as cisplatin and 5-Fluorouracil (5-Fu) administrated as systemic chemotherapy demonstrated no clinical benefit or improvement in survival [7, 8] , hepatic arterial infusion and chemoembolisation with cisplatin and 5-Fu are considered potential therapeutic approaches for treating HCC [9] . In recent years, novel agents such as sorafenib also recommended for treating advance liver cancer [10] . Despite the development of therapeutic approaches for treating HCC, the mortality rate of patients with HCC still exceeds 90% worldwide [1] . Alternative treatments (e.g., components such as curcumin, resveratrol, silibinin isolated from natural products) that provide improvements in current clinical outcomes of HCC therapy are therefore in an urgent need [11] .
The fermented wheat germ extract (FWGE), developed by Dr. Mate Hidvegi, is a nutrient supplement with medical value as demonstrated in a wide range of potential disease targets [12] [13] [14] , including anti-tumor efficacy against many tumor types in vitro [15] and in vivo [16, 17] . Furthermore, some clinical studies also reported that the use of FWGE improved the overall survival in patients with colorectal cancer and skin melanoma. These data suggest that FWGE has the potential to provide benefits in cancer therapy [18, 19] . 2-methoxy benzoquinone and 2,6-dimethoxybenzene, the two major components of FWGE, are suggested to exert main biological properties of FWGE [14, 20] . Recent studies suggest that FWGE disrupts the anaerobic glycolysis and pentose cycle by targeting transketolase glucose-6-phosphate dehydrogenase, lactate dehydrogenase, and hexokinase [14, 21, 22] , by which FWGE suppresses the allocation of precursors for DNA synthesis on tumor cells [13] . In the tumor cells of T-cell leukemia, FWGE treatment induced programmed cell death by interfering glycolysis and pentose cycle, resulting in cell cycle arrest and activation of the caspase-dependent Poly (Adenosine diphosphate ribose) polymerase (PARP) pathway [23] . The effects of FWGE combined with chemotherapeutic agents have been demonstrated on HCC, colorectal, ovarian, and breast cancer cells [16, 24, 25] . Results of these pioneer studies suggested that FWGE may enhance the cytotoxicity of cisplatin in ovarian cancer cells [24] , and increase the efficacy of 5-Fu in colorectal cancer cells [15] . However, although the anti-proliferative effects of treatment with FWGE alone were demonstrated in human HCC and HepG2 cells [15] , FWGE failed to enhance the cytotoxicity when combined with 5-Fu, Dacarbazine, or Adriblastina in the same cell lines [16] . Further clarification is required on the use of FWGE in combination with chemotherapeutic agents for HCC therapy.
Therefore, the aims of this study were to evaluate the antitumor effect of FWGE in human HCC cells, and to further clarify the effects of FWGE in combination with standard chemotherapeutic agents, cisplatin and 5-Fu. These data may provide a rational basis for the combined use of FWGE supplement and the development of therapeutic options in HCC therapy.
Materials and Methods

Cell Culture.
Human hepatocellular carcinoma cell lines, HepG2, Hep3B, and HepJ5 were cultured in Dulbecco's modified Eagle's medium (Gibco, Grand Island, NY, USA) with 100 U/mL penicillin and 100 g/mL streptomycin (Invitrogen Life Technologies, Carlsbad, CA, USA) at 37 ∘ C in a 5% CO 2 humidified incubator. To investigate the influence of FWGE combined with cisplatin and 5-fluorouracil (5-Fu, both agents were purchased from Sigma-Aldrich, St Louis, MO, USA), HepG2, Hep3B and HepJ5 cells were treated with various concentrations of cisplatin and 5-Fu with 0.5, 0.25 and 1 mg/mL FWGE. After 72 hr, cell viability was determined by MTT assay and morphology was observed with a Nikon Eclipse TS100 optical microscope (Nikon Instruments, Melville, NY, USA) and photographed at 100x magnification.
Cell Viability
Western Blotting
Analysis. HepG2, Hep3B, and HepJ5 cells (5 × 10 5 cells per dish) were seeded in 6 cm dishes overnight. After incubation with various concentrations of FWGE (as indicated), cells were harvested by RIPA buffer (150 mM NaCl, 50 mM pH 7.5 Tris-HCL, 1% NP-40, 0.5% deoxycholate, 0.1% SDS, 1 mM PMSF, 10 g/mL leupeptin, and 100 g/mL aprotinin). The total protein concentrations from whole cell extracts were determined by a Bio-Rad protein assay kit (Bio-Rad Laboratories, Hercules, CA, USA). Each cell extract was then equalized to 30 g and separated using 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis. The proteins were transferred onto a polyvinylidene fluoride membrane (Pall Corp., Port Washington, NY, USA) and probed with the primary antibodies, PARP (1 : 1,000, Cell Signaling Technology, Danvers, MA, USA), and glyceraldehyde 3-phosphate dehydrogenase (GAPDH, 1 : 10,000, Abfroniter, Seoul, Korea), followed by donkey antirabbit horseradish peroxidase conjugated secondary antibody (1 : 10,000, Santa Cruz Biotechnology, Santa Evidence-Based Complementary and Alternative Medicine 3 Cruz, CA, USA). Immunoreactivity was then detected with a electrochemiluminescence western blotting detection kit (WesternBright, Advabsta, Menlo Park, CA, USA).
Statistical Analysis.
Data from cell viability and semiquantitative western blotting analysis were presented as mean ± stand derivation (SD). Statistical significance was analyzed one-way ANOVA when examining the dose dependent effect. Statistical analysis was performed by SPSS (SPSS Inc, Chicago, IL, USA).
CalcuSyn software (Biosoft, Cambridge, UK) was used for the statistical analysis of the half maximal inhibitory concentration (IC 50 ) determined by MTT assay and for the combined effects of FWGE with chemotherapeutic drugs. Statistical analysis of the combined drug effects with the CalcuSyn software is based on the median-effect method and evaluated by the combination index (CI) value [26] , which is a useful tool for identifying synergistic, additive and antagonistic effects between components on cancer cells [27, 28] . (Table 1) . Morphological changes observed in FWGE treated cells suggested that FWGE induced cell death rather than cell growth inhibition ( Figures  1(d) to 1(e) ). FWGE treatment also led to cell shrinkage in HepG2 and Hep3B cells and the presence of apoptosis body like vesicles around shrinking cells (Figures 1(d) and 1(e) ), whereas FWGE increased the formation of lipid droplet like vesicles in HepJ5 cells (Figure 1(f) ). Cell viability determined by MTT assay is based on the measurement of metabolic activity of mitochondrial oxidoreductases in survival cells, but may be biased when the metabolic activity of survival cells was disrupted by specific stress on mitochondria [29] . To further confirm the anti-proliferative effects of FWGE on tested tumor cells, cell size distribution was determined. Cell number counted by a Scepter cell counter was based on Coulter principle of impedance-based particle detection [30] . Cells with a diameter ranged between 10 to 22 m were counted as survival cells. In Figure 2 (a), survival cell numbers of HepG2, 3B, and J5 cells were significantly decreased in a dose-dependent manner after FWGE treatment for 72 hr. Moreover, FWGE treatment resulted in more cells with a much smaller size (6 to 8 m) suggesting the accumulation of cell debris from dead cells (Figures 2(b) and 2(c) ). The findings of Western blotting analysis also indicated activation of PARP in Hep3B cells treated with 0.25 mg/mL FWGE for 72 hr. These results together with morphological changes observed in FWGE treated cells indicated that FWGE was likely to trigger programmed cell death rather than inhibit proliferation of tumor cells.
Results
FWGE Treatment Induced Cell Death in Human Hepato
Interestingly, cell viability determined by MTT assay was higher than counted by a Scepter cell counter. For example, the viability of HepG2 cells following 0.5 mg/mL FWGE treatment was 85% as determined by MTT assay, whereas the result counted by a Scepter cell counter was 50%. Similar results were observed in Hep3B and J5 cells. Hep3B and HepJ5 cells exposed to 0.2 and 0.5 mg/mL FWGE revealed 75% and 77% cell viability by MTT assay but were 35% and 65% as determined a Scepter cell counting. Together these results suggested that MTT assay may underestimate the anti-tumor efficiency of FWGE on HCC cells. (Table 1) . Although HepJ5 was relatively resistant to 5-Fu treatment compared with HepG2 and Hep3B cells, FWGE combined with 5-Fu still led to a greater inhibition for HepJ5 cells ( Figure 3 and Table 1 ). These results together suggested that cytotoxicity of cisplatin and 5-Fu may be further enhanced by co-treatment of FWGE. Combination index (CI) analyzed by Calcusyn software may help to identify the combination effects of FWGE with cisplain and 5-Fu on HCC cells. By which, synergistic, additive, and antagonistic effects were indicated by CI values of <1, =1, and >1. As shown in Table 2 but cell viability was similar in various tumor cells treated with 5-Fu alone and combined with FWGE (Figure 3(b) ). According to CI analysis, cotreatment with FWGE may enhance cytotoxicity of cisplatin and 5-Fu, depending on cell types and administrated doses of chemotherapeutic agents in human HCC cells.
FWGE Enhanced Cytotoxicity of Chemotherapeutic
Discussion
The present study demonstrated that FWGE exhibited an effective anti-tumor activity against human HCC cells, par- FWGE treatment with an IC 50 of 1.524 mg/mL. Our findings were comparable to previous studies indicating an IC 50 of FWGE treatment for 96 hr was 0.33 mg/mL in HepG2 cells. Interestingly, cell viability determined by MTT assay significantly overestimated the survival of FWGE treated HCC cells compared with the measurements of cell size distribution, particularly for HepG2 (85% versus 56% of cell viability at 0.25 mg/mL FWGE) and Hep3B (75% versus 35% cell viability at 0.2 mg/mL). Since the cell viability measured by MTT assay depending on the colorimetrics of purple formazan converted by mitochondrial dehydrogenases [31] , the FWGE pentose phosphate pathway disrupted by FWGE might lead to altered metabolic activity of mitochondria in HCC cells and resulted in an overestimated measurement of optic density. In HepJ5 cells, the difference between MTT assay and cell size distribution was smaller in HepG2 and Hep3B cells, suggesting that the FWGE treatment may cause less mitochondrial metabolic disruption in HepJ5 cells. Tung and colleagues suggested that hypoxia inducible factor 1-alpha (HIF 1-) is overexpressed in HepJ5 cells and plays a protective role in mitochondrial mediated apoptosis [32] . This biological feature may help HepJ5 cells to evade destruction and death induced by FWGE. FWGE treatment also resulted in obvious morphological changes in three HCC cell lines. In both HepG2 and Hep3B cells, cell shrinkage and formation of apoptotic body-like vesicles occurred after FWGE treatment, whereas lipiddroplet like vesicles was shown in cytoplasm of HepJ5. Cell size distribution of HCC cells ranged from 10 to 22 m and shifted to 6∼8 m in cells treated with FWGE, suggesting that the HCC cells were broken down into fragments. These results together suggested FWGE induced cell death of HCC cells. Morphological changes observed in Hep3B and G2 cells indicated that apoptosis might be involved in FWGE-induced cell death. Cleavage of PARP in Hep3B cells further confirmed this observation and suggested that FWGE induced HCC cell death was associated with PARP involved programmed cell death. Since FWGE induced cell death on T-cell leukemia cells was involved in caspase-PARP pathway [23] , PARP activation is likely to play a critical role in FWGE induced cell death in tumor cells. On the other hand, the specific morphological change and formation of lipiddroplet like vesicles following FWGE treatment indicated a cell-specific response to FWGE treatment in HepJ5 cells. This lipid-droplet like vesicles was similar to autophagosome and therefore raised a doubt that a protective autophagic process was activated in HepJ5 cells to evade destruction and subsequent cell death induced by FWGE. Since the autophagy is a double-edge sword as a programmed cell death process or a preventing cell death from lethal stress, particularly in cancer cells [33] , whether FWGE induces autophagy and the role of autophagy in HepJ5 cells may warrant further investigation. FWGE is considered as a safe nutrient supplement in recommended dosage for medical purposes including cancer patients without observed adverse effects [14] , though the clinical significance of FWGE as a drug component remains to be verified by more well-designed clinical trials [34] . FWGE was used as an adjuvant treatment with chemotherapy and radiotherapy for colorectal cancer and skin melanoma in some clinical studies [18, 19] . Therefore, the effects of FWGE combined with chemotherapeutic agents, cisplatin and 5-Fu, were tested in the present study to clarify the clinical potential of FWGE for HCC treatment. In HepG2 and Hep3B cells, cisplatin induced cytotoxicity was greatly enhanced by FWGE and resulted in decrease of the IC 50 dosage (Table 1) . Although IC 50 was not available in HepJ5 cells, FWGE treatment still enhanced cisplatin-induced cytotoxicity in Hepj5, HepG2, and Hep3B cells. The CI analysis suggested that the effects of FWGE enhanced cisplatin-induced cytotoxicity was synergistic at 5-20, 1-15 and 5-30 M for HepG2, Hep3B and HepJ5 cells, respectively. These data were coincident with the observation in human ovarian cancer cells treated with FWGE and cisplatin [24] . On the other hand, 
Conclusion
FWGE exhibited an anti-tumor efficacy and induced cell death in human HCC cells, including HepG2, Hep3B, and HepJ5 cells. In combination with chemotherapeutic agents, cisplatin and 5-Fu, FWGE showed no antagonistic effect, and eventually enhanced cisplatin-induced cytotoxicity in HepG2, Hep3B, and HepJ5 cells, as well as 5-Fu-induced cytotoxicity in HepJ5 cells. The combination effect of cisplatin and 5-Fu were summarized in Figure 4 . In conclusion, the results of this study suggest that FWGE is a potential adjuvant treatment to improve tumor suppression efficiency, particularly in treatment regimens using cisplatin and 5-Fu for patients with HCC.
